The developmental and reproductive characteristics of the pyrrhocorid Antilochus coqueberti, a specific predator of Dysdercus spp., were examined in the laboratory and observed in the field on Ishigaki-jima Island. A. coqueberti fed D. cingulatus exhibited normal development in temperature regimes between 20°C and 30°C and a long photoperiod of 14L-10D, but rearing was unsuccessful under temperature regimes of 15°C and 17.5°C. A lower threshold temperature for development and effective cumulative temperatures for development of the eggs and nymphal stadia were estimated to be 12.9°C and 607.5 degree days, respectively. A. coqueberti did not exhibit reproductive diapause, even when reared under a short photoperiod of 10L-14D. Both the nymphs and adults of A. coqueberti were observed almost all year round on Ishigaki-jima Island. These results indicate the absence of a reproductive diapause provoked by a short photoperiod in this species. High fecundity and the absence of a reproductive diapause are desirable for artificial mass rearing of this insect for use as a predaceous natural enemy against Dysdercus bugs. Temperature regimes between 22.5°C and 27.5°C are recommended for artificial rearing, because of the relatively low mortality seen under these temperature regimes.
INTRODUCTION
Cotton is the most economically important natural fiber material in the world. One of the major obstacles hindering cotton cultivation is insect pest infestation. In particular, the cotton stainers Dysdercus spp. (Heteroptera: Pyrrhocoridae) are very serious pests, which feed on developing cotton balls and ripe cotton seeds, and transmit fungi that develop on the immature lint and seeds (MaxellLefroy, 1908; Freeman, 1947; Van Doesburg, 1968; Fuseini and Kumar, 1975; Iwata, 1975 Iwata, , 1978a Ahmad and Kahn, 1980; Ahmad and Schaefer, 1987; Yasuda, 1992) . These pests are difficult to control by insecticide application in cotton fields, because they are highly mobile and have many alternative wild host plants (Iwata, 1975 (Iwata, , 1978a . Therefore, the use of natural enemies to control these pests should be considered because the use of natural enemies may be applicable not only to cultivated cotton fields, but also to wild alternative vegetation hosting cotton stainers.
Antilochus coqueberti (Fabricius) (Heteroptera: Pyrrhocoridae) is known as a predator of the cotton stainer Dysdercus cingulatus (Fabricius) (Heteroptera: Pyrrhocoridae) and related species (Corbett, 1923; Chauthani and Misra, 1966; Iwata, 1975 Iwata, , 1978b Quayum and Nahar, 1980; Dhiman, 1985) . In addition, Kohno et al. (2002) reported that A. coqueberti attacked all pyrrhocorid and two alydid bugs inhabiting the southwest islands of Japan, but did not attack largid, lygaeid, coreid, and rhopalid bugs which are similar visually to pyrrhocorid bugs. Kohno et al. (2002) also reported that A. coqueberti is obligatorily predaceous, the natural host plants of D. cingulatus such as Hibiscus tiliaceus or H. makinoi (Kohno, 2001) are not available to A. coqueberti as food. Therefore, A. coqueberti has no harmful effect to these plants, and should be regarded as a good candidate for a biological control agent against D. cingulatus in cotton fields. If A. coqueberti is considered as a biological control agent against the Dysdercus species, the biological characteristics of this insect, including its nymphal development, fecundity, and photoperiodical effects should be elucidated for artificial rearing.
In this study, the effects of different temperatures and photoperiods on the development and reproductive traits of A. coqueberti were examined in the laboratory. In addition, seasonal trends in the occurrence of reproduction of this species were observed in the field on Ishigaki-jima Island.
MATERIALS AND METHODS
Nymphal development. The development of the predator A. coqueberti was examined in the laboratory when insects were fed D. cingulatus as prey under conditions of 15, 17.5, 20, 22.5, 25, 27.5 , and 30°C and a photoperiod of 14L-10D (long day), and temperatures of 22.5 and 25°C and a photoperiod of 10L-14D (short day). Eggs for these experiments were obtained from females that were collected from the field in Ishigaki-jima Island from October 1998 to April 1999. These females were kept at room temperature (ca. 25°C) under a natural photoperiod fed with D. cingulatus adults as prey. Eggs deposited in masses were divided into small masses consisting of 10 to 20 eggs and each egg mass was transferred to moistened filter paper within 24 h after oviposition. The eggs and the nymphs were kept together and supplied water until molting to the second nymphal stadium. After molting to the second stadium, the insects were reared singly. Second or third stadium prey were provided as food for the second stadium predators, third or fourth stadium prey for third stadium predators, fourth or fifth stadium prey for the fourth stadium predators, and fifth stadium or adult prey for the fifth stadium predator. Insects were observed daily.
Reproductive traits. The fecundity and the longevity of the female A. coqueberti were examined at a temperature of 25°C and a photoperiod of 14L-10D. Twenty female adults reared on a diet of D. cingulatus at a temperature of 25°C and a photoperiod of 14L-10D until emergence were used in these experiments. They were fed one D. cigulatus adult every day. In order to evaluate the effect of copulation on oviposition, ten of the females were allowed to copulate with males several times ad lib during the experiment, and the other ten were reared separately throughout the experimental period. All females were examined daily, and the longevity and the numbers of eggs deposited by each female on each day were recorded.
In order to elucidate the effect of the photoperiod on reproduction, A. coqueberti females were reared under short day conditions (10L-14D and 22.5°C or 25°C) until emergence and then kept continuously under the same conditions. Each A. coqueberti female was allowed to copulate with a male and fed one D. cingulatus adult every day. They were examined daily and the preoviposition periods recorded.
Seasonal trends of reproduction in the field. Field observations were conducted at various sites, including areas containing malvaceous and bombacaceous plants, host plants of the prey species of A. coqueberti, on Ishigaki-jima Island all year round from October 1998 to September 2002. In order to elucidate the seasonal occurrences of the reproduction of A. coqueberti, the seasonal occurrences of adult and nymphal A. coqueberti were recorded.
RESULTS
The developmental periods for the egg stage and nymphal stadium of successfully emerged individuals decreased with an increase in temperatures from 20°C to 30°C under a photoperiod of 14L-10D (Table 1) . However, no eggs hatched (0%; 0/116) at 15°C and only a small portion of eggs hatched (8.7%; 71/813) and all the nymphs died during either the first nymphal stadium (41/71) or the second nymphal stadium (30/71) at 17.5°C. The mortality during nymphal development was lowest at 22.5°C and highest at 30°C.
A good regression was obtained between the developmental rate and temperatures from 20 to 30°C (Table 2 ). The lower threshold temperature for the development of the eggs, nymphs, and eggs to adult emergence were estimated to be 12.8°C, 12.9°C, and 12.9°C, respectively. The effective cumulative temperatures for the development of the eggs, nymphs, and eggs to adult emergence were estimated to be 120.9, 486.5, and 607.5 degree days, respectively.
When nymphs were reared under short day conditions, the durations of the total nymphal periods (Table 1) were significantly shorter than under long day conditions. Both short and long day were at 22.5°C and 25°C (pϽ0.01 by t-test), respectively.
The proportions of females that laid eggs were high under every condition examined, even under short day conditions (Table 3 ). All the uncopulated females laid eggs, but none of the eggs hatched. The preoviposition periods did not differ from the controls at 25°C (pϾ0.05 by Tukey-Kramer's HSD).
The survival curves and changes in the cumulative numbers of eggs laid by copulated and uncopulated females are shown in Fig. 1 . The mortality and the fecundity in younger aged females seemed to be higher in copulated females but all characteristics examined related to reproduction, i.e., the preoviposition period, longevity, number of oviposition, egg batch size, and total fecundity did not differ significantly between the copulated and uncopulated females (Table 4) .
In field studies on Ishigaki-jima Island, eggs and 1st stadium nymphs were not observed. Second stadium nymphs were observed during restricted periods. However, 3rd, 4th, and 5th stadium nymphs and adults were observed almost all year round (Table 5) .
DISCUSSION
The regression lines showing the developmental rate of the eggs and nymphs of A. coqueberti at temperatures between 20°C and 30°C (Table 2) indicate normal development in this species within these temperature regimes.
Both the eggs and nymphs of A. coqueberti exhibited relatively high lower threshold temperature for development (Table 2) , and the rearing of this species at 15°C and 17.5°C was unsuccessful. These results indicate higher temperature requirements for the development of this species. Actually, this species is distributed in tropical and subtropical Asia and Ishigaki-jima Island is the northern limit of its distribution (Miyamoto and Yasunaga, 1989; Yasunaga et al., 1993) . Since the natural prey species of A. coqueberti, i.e., D. cingulatus and D. decussatus (Kohno et al., 2002) , are distributed in the more northern part of the Southwest Islands of Japan in addition to subtropical Asia, including Ishigaki-jima Island (Miyamoto and Yasunaga, 1989; Yasunaga et al., 1993) , the distribution of A. coqueberti may be limited by the temperatures required for development. In order to discuss this more precisely, it is necessary to elucidate the developmental characteristics related to the temperature dependency of the natural prey species, as well as A. coqueberti.
Although information on the mortality from egg to the 2nd stadium nymph of A. coqueberti is lacking, the mortalities during the nymphal stages were higher at higher and lower temperatures (Table 1) . From the viewpoint of mortality, the optimum temperature for development of A. coqueberti appears to be 22.5°C to 27.5°C. Antilocus coqueberti did not exhibit reproductive diapause, even when they were reared under short day (10L-14D) conditions (Table 3) . Since the shortest photoperiod on Ishigaki-jima Island (ca. 24°20ЈN and 124°10ЈE) is longer than 10 h (ca. 10 h 38 min), the reproductive diapause is not provoked by a short day. Actually, both the adults and the nymphs were observed in the field throughout the short day period (Table 5) , although the oviposition and the 1st stadium nymphs could not be observed in the field. The reason why the eggs and 1st stadium nymphs were not observed may be due to the ovipositional habits of this species. Although there is no information on the ovipositional habits of this species, D. cingulatus and some other Dysdercus species, which belong to the same family as A. coqueberti, lay eggs in cracks in the soil and/or under debris (Maxwell-Lefroy, 1908; Fuseini and Kumar, 1975; Kohno, unpublished) . In addition, the 1st stadium nymphs of A. coqueberti can develop to 2nd stadium nymphs without any food (Kohno et al., 2002) . Since the younger stadia of nymphs were not observed at midsummer in the field (Table 5) , there might be a summer diapause provoked by a long photoperiod and high temperatures (Masaki, 1980; Denlinger, 1986) , rather than a winter diapause provoked by a short photoperiod in A. coqueberti.
A. coqueberti developed somewhat faster under short day conditions than under long day conditions (Table 1) . The reason for this is unclear, since the development of A. coqueberti was examined under only two photoperiod regimes, 14L-10D and 10L-14D. To elucidate the relation of the development of A. coqueberti to the photoperiod, more precise experiments under various photoperiod regimes are necessary.
The high fecundity of A. coqueberti (a means of more than 600 eggs per female) is desirable for artificial mass rearing of this species if it is going to be used as a predaceous natural enemy of Dysdercus bugs. Trends in the oviposition and survival of female A. coqueberti seem somewhat different between copulated and uncopulated females (Fig. 1) . However, the reproduction parameters did not differ significantly between the two groups (Table 4) . Therefore, careful attention must be paid to the occurrence of successful copulation when the insects are reared artificially, since the eggs laid by uncopulated females will not hatch. Temperature regimes between 22.5°C and 27.5°C are recommended for artificial rearing, since the mortalities during nymphal development under those temperature regimes were relatively low (Table 1) . Although no problems with the rearing of A. coqueberti were seen in either photoperiod of 14L-10D or 10L-14D, the optimum photoperiod for artificially rearing this insect should be determined by more precise experiments.
